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1 INTRODUCTION 

1.1 Overview 

This Voluntary Remediation Program (VRP) Progress Report #5 is submitted on behalf of Capital 
City Bank (CCB) for the Grantville Mill site comprised of two parcels as listed on the Hazardous 
Site Inventory (HSI), Site Number 10912.  The Grantville Mill Voluntary Investigation and 
Remediation Plan (VIRP) (EPS, 2015) was approved by the Georgia Environmental Protection 
Division (EPD) on July 22, 2015 (EPD, 2015).  This Progress Report includes a comprehensive 
overview of soil, groundwater and vapor intrusion investigations, an update to the conceptual site 
model (CSM), and the final remediation plan to address potential contaminant exposure pathways.   

1.2 Site Location and Description 

The CCB property is located in the City of Grantville, Georgia in Coweta County (Figure 1).  The 
CCB property is listed as Coweta Country Parcel ID G050008008, totals 13.48 acres, and has the 
physical address of 41 Industrial Way, Grantville, Georgia.  The other parcel comprising HSI Site 
Number 10912, Coweta County Parcel ID G050008008A, is owned by Grantville Mill, LLC and 
was brought into the VRP as an additional qualifying property (Figure 2).  Together these two 
property parcels constitute the “Site”.  

The Property was first developed in the early 1900s as a cotton mill to make uniforms and canvas 
during World War I.  The mill later became West Point Peppermill’s Grantville Mill, operating 
into the early 1980s when the mill was closed.  Since that time, buildings within the facility have 
been leased to various companies.  One of the tenants, Tropic Formals, Ltd. (Tropic Formals), 
operated a formals clothing business in one of the former mill buildings at the southwest portion 
of the mill complex between 1980 and 1993.  Tropic Formals was previously listed as an RCRA 
handler of tetrachloroethene (PCE) for dry cleaning until it changed its registration status to a non-
waste generator on December 31, 1993.  The Site is listed on the basis of a documented PCE 
release to groundwater.  The property is currently unoccupied. 

Properties bordering the Site and their land use are shown in Figure 2 and include: 

 to the Northeast - wooded vacant land (Grantville Mill LLC parcel); 

 to the East - CSX rail line and Grantville City Cemetery; 

 to the South and Southwest - residences; and 

 to the West and Northwest – residences and a City park complex. 
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2 VRP PROJECT MANAGEMENT 

2.1 Professional Geologist Oversight 

This Progress Report includes a certification by Kirk Kessler, the Professional Geologist (PG) 
specified in the VRP application.  Appendix A contains a monthly summary of hours invoiced by 
the PG. 

2.2 Milestone Schedule 

The milestone schedule is included in Appendix B. 
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3 UPDATE TO THE CONCEPTUAL SITE  
MODEL (CSM) 

3.1 Overview 

The CSM is intended to establish a common knowledge base about the Site and its environmental 
condition to facilitate an informed decision regarding possible remedial action measures to address 
potential exposure pathways.  Sufficient information for the Site is available from past 
investigations and the scientific literature to update the CSM that presents: (i) the surface and 
subsurface features at the Site, (ii) the nature and extent of the environmental condition, (iii) fate 
and transport characteristics of chemicals of potential concern (COPC) at the Site, and (iv) 
potential receptors and exposure pathways. In this update, a comprehensive review of data 
collected through the VRP is presented, with new data presented for testing of building materials 
in the presumed PCE release area and refinement of the potential exposure pathways. 

3.2 Site Features 

3.2.1 Topography and Surface Features 

The Site is located in Coweta County, which falls in the Greenville Slope District of the Piedmont 
Physiographic Province (Piedmont Province) in Georgia. The Greenville Slope District is 
characterized by rolling topography that gradually decreases in elevation from approximately 
1,000 ft above mean sea level (amsl) in the northeast to 600 ft amsl in the southwest. Open valleys 
with broad, rounded divides and deeper valleys with narrow, rounded divides cover the 
southwestern and northeastern portion of the district, respectively. The southern boundary of the 
district follows the base of the northern side of Pine Mountain.   

A U.S. Geological Survey (USGS) Light Detection and Ranging (“LiDAR”) topographic map 
showing 2-ft contour intervals is included in Figure 3. The Site is located on the eastern flank of a 
U-shaped valley, oriented to the north-northeast. Site elevation decreases from approximately 880 
ft amsl along Industrial Way to 824 ft amsl at the northeastern boundary of the CCB parcel, sloping 
down to an elevation of around 800 ft amsl at the northern boundary of the Grantville Mill LLC 
parcel (Figure 3). 

The southwestern portion of the CCB parcel is largely covered by impermeable surfaces (buildings 
and paved parking lots). Grassed or cleared areas become more widespread moving toward the 
northeastern boundary of the CCB parcel, away from the former Tropic Formals building. The 
Grantville Mill LLC parcel is wooded with the most prominent feature being a north-south oriented 
valley. 
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3.2.2 Surface Water Features 

Surface water features in the vicinity of the Site are depicted on the USGS Quadrangle Map, shown 
in Figure 4.  At the local scale of the Site, an intermittent unnamed stream begins north of the City 
of Grantville cemetery and flows beneath the rail line to the north along the extreme northeast 
border of the CCB parcel and then centralized within the valley of the Grantville Mill LLC parcel 
continuing in a northerly direction for another 1160 ft (approximate) beyond the northern boundary 
of the Grantville Mill LLC parcel where it transitions into an unnamed perennial stream.  This 
stream extends for approximately 0.6 miles where it empties into Messiers Creek.  Messiers Creek 
flows in a westerly direction discharging into the New River in about 1.6 miles, which continues 
in a westerly direction for another 17 miles (approximate) discharging into the Chattahoochee 
River above Lake West Point. 

3.2.3 General Hydrogeologic Conditions 

3.2.3.1 Site Geologic and Hydrogeologic Setting 

Soils in the Piedmont, such as at Grantville Mill, are derived from underlying metamorphic rocks 
through weathering, disintegration, and decay where the predominant metamorphic rocks are 
gneisses and schists. According to the National Resources Conservation Service’s web Soil 
Survey, the residuum beneath the surface across the Site contains predominantly sandy clay loam 
and sandy loam derived from mica schist and gneiss to approximately 4.5 feet below ground 
surface (ft-bgs). The Piedmont typically consists of crystalline bedrock with discontinuous 
fractures containing water, which are hydraulically connected to overlying saprolite (partially 
weathered rock (PWR) and soil (or residuum). The degree of fracturing and size of the fracture 
apertures (openings) in the crystalline bedrock generally decreases with depth. One well (MW-
5D) was terminated approximately 65 ft-bgs, appearing to have encountered the PWR around 42 
ft-bgs based upon the well drilling log.  Top of bedrock was not encountered at MW-5D, but likely 
exists somewhere in the range of 65 to 85 ft based upon other sites in the Piedmont.  

 Groundwater in the Piedmont Province occurs under unconfined conditions where the 
potentiometric surface typically mimics ground surface topography. Along topographically low 
areas, the water table typically occurs within the saprolite portion of the hydrogeological profile. 
Along topographically high areas, the water table often occurs in underlying crystalline or 
weathered bedrock. The saprolite portion of the hydrogeological system generally contains 
significantly more fluid compared to the same volume of bedrock. The crystalline bedrock exhibits 
essentially no primary porosity/permeability and relies upon secondary permeability features such 
as fractures and faults for the transmission and storage of groundwater. These secondary features 
generally are not abundant and of relatively small apertures, which limits the amount of fluid 
flowing through the bedrock.  This is why water supply wells such as those on the Site typically 
extend to as much as 500-700 ft-bgs and are open-hole installations to allow maximum available 
yield from intersected fractures. 
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3.2.3.2 Groundwater Direction and Flow Velocity 

The depth to the water table and groundwater flow direction have been updated semi-annually 
(2014-2016) as additional monitoring wells have been installed to investigate the subsurface 
condition. All wells are surveyed with respect to the Georgia West State Plane coordinate system 
with elevation established with respect to ft amsl. Evaluations of groundwater flow to date 
consistently model flow to the northeast across the CCB parcel then turning to a more northerly 
direction along the Grantville Mill LLC parcel (Figure 5). This groundwater flow model mimics 
the ground surface topography as is typical in unconfined strata within the Piedmont.  Groundwater 
flow is expected to continue in a northerly direction beyond MW-2 following the axis of the valley 
floor.   

Ardaman performed a falling head permeability test on well MW-5 to determine the hydraulic 
conductivity of the Site’s upper aquifer material. The data was analyzed using the Hvorslev Slug 
Test method (Hvorslev, 1951) and the hydraulic conductivity was calculated at 8.5·10-4 cm/s. 
Groundwater velocity was calculated according to the standard Darcy velocity equation as follows: 

Q=Ki/n where 

 K is hydraulic conductivity 

 i is the hydraulic gradient 

 n is the effective porosity (assumed to be 0.2) 

Using the hydraulic conductivity from the falling head permeability test (8.5·10-4 cm/s), and the 
measured Site hydraulic gradient (0.035 ft/ft), and an assumed effective porosity of 20%, the 
groundwater velocity in the upper aquifer (i.e., where contaminants are detected) is calculated to 
be approximately 150 ft/yr. 

3.3 Nature and Extent of Groundwater Contamination 

3.3.1 Area of Release 

Based on historical occupancy information for the Site and multimedia sampling data (i.e., soil, 
soil gas, groundwater and building material), the PCE release is reasonably traced to the northern 
corner of the main Site facility building.  The lines of evidence supporting this deduction include: 

1. a registered RCRA handler of PCE occupied this portion of the main facility building (i.e., 
Tropic Formals) from 1980 through 1993; 

2. testing of the wood flooring in the space occupied by Tropic Formals detected PCE 
indicating a release occurred from within the interior of the building; 

3. soil testing data reports the highest PCE condition beneath the portion of the main facility 
occupied by Tropic Formals, with the condition quickly diminishing at the building 
perimeter; 
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4. soil gas data reports the highest PCE condition beneath the portion of the main facility 
occupied by Tropic Formals, with the condition quickly diminishing at the building 
perimeter; 

5. groundwater data reports the highest PCE condition immediately northeast of the main 
facility building occupied by Tropic Formal, consistent with groundwater flow to the 
northeast of the release area. 

3.3.2 Groundwater Investigations 

The VOC plume was initially characterized in March 2010, with further investigation performed 
through November 2016. Installation of permanent monitoring wells to investigate and delineate 
the groundwater condition has occurred in three phases with a specific purpose. The first phase 
occurred in 2014 with the installation of MW-1 through MW-6, including the installation of well 
pair MW-5 and MW-5D for vertical delineation of groundwater. The objective of the first phase 
of monitoring wells was to characterize the perceived core of the VOC plume based on 
groundwater data gathered with temporary wells. The second phase occurred in October 2016 with 
the installation of MW-7 through MW-12 with the objective of delineating the horizontal extent 
of the VOC plume.  The October 2016 well installation bounded the plume (i.e., MW-1, MW-3, 
MW-4, MW-7, MW-9, MW-10, MW-11, and MW-12 are non-detect for Site-related VOCs). The 
final phase of monitoring well installation was performed in three iterative stages for the purpose 
of refining the edge of the VOC plume with respect to adjacent residential properties. These 
additional wells include MW-13 through MW-18. 

3.3.3 Groundwater Results  

3.3.3.1 Summary of Detections 

A total of six VOCs have been detected in on-Site and off-Site groundwater including chloroform, 
cis-1,2-dichloroethene (cis-DCE), dichloromethane, Freon-11, PCE, and TCE.  A summary of 
results by the chemical group is provided below and in Table 1. A map of the results and the 
inferred groundwater chloroethene plume is provided in Figure 6.  

 Chloroethenes 

PCE is reported highest in MW-16 at 22,000 µg/L, located just north of the PCE release area.  PCE 
is detected in six down-gradient wells: MW-5 (3,300 µg/L), MW-6 (1,800 µg/L), MW-8 (6,600 
µg/L), MW-14 (730 µg/L), MW-17 (2,900 µg/L), and MW-2 (28 µg/L).  Two PCE degradation 
products are detected: cis-DCE in MW-8 (200 µg/L) and MW-5 (25 µg/L), and TCE in MW-8 (31 
µg/L). No chloroethenes are detected in the Site’s deep well (MW-5D) following the sampling 
event that occurred immediately after well installation.  

 Freon-11 

Freon-11 is reported in MW-2 and is the only detection of Freon-11 in the monitoring well 
network.  The range of Freon-11 detection is 11.3 µg/L to 32 µg/L. 
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 Chlorinated Water Disinfection Byproducts 

Chloroform is currently reported in off-Site monitoring well MW-1 at 20 µg/L, and was previously 
detected in MW-4, MW-5D, and MW-6 during the first post-installation sampling event at each 
location.  Dichlorobromomethane was also reported in MW-1 and MW-4 following installation 
with a non-detect condition reported in subsequent sampling events.  Chloroform and 
dichorobromomethane are two constituents of a group chemicals termed trihalomethanes, which 
are common disinfection byproducts found in chlorinated potable water supplies and are also 
reported in groundwater near areas serviced with a chlorinated potable water due to intentional 
(e.g., irrigation) or inadvertent discharge (e.g., leaky water distribution or wastewater sewer lines). 
The City of Grantville utilizes chlorination in its potable water supply and from 2015 through 2016 
reported trihalomethane concentrations from 46.5 µg/L to 58.4 µg/L.   Thus, the detection of these 
two trihalomethanes are attributed to release from the city water supply or utilization of potable 
during drilling and are not related to the on-Site release. 

3.3.3.2 VOC Plume Properties and Status 

Sampling results from the monitoring well network indicate that the VOC plume extends 
approximately 900 ft northeast of the release area, with low-level detection of PCE in MW-2  
(ranging from 28 to 39 µg/L), but the plume does not extend to the next down-gradient monitoring 
well, MW-12 at 1,300 ft. The VOC plume is bound to the south (MW-3), east (MW-4, MW-9, 
MW-1, MW-11), and west of the release area (MW-7) on CCB property. The plume extent and 
scale indicates local groundwater flow is strongly influenced by the valley and topography just 
north of the release area. This is supported by the potentiometric surface data that indicates 
groundwater flow is funneled to the base of the valley feature, and also, the VOC data which 
exhibits an elongated plume following the valley feature. North of the PCE release area, four 
monitoring wells adjacent to off-Site properties exhibit detection of PCE. Further interception of 
additional off-site properties to the north and west by the VOC plume is unlikely based on local 
groundwater flow, with the advective flow to the east and northeast direction towards the 
unoccupied valley feature and away from the residential area. In the vertical dimension, the PCE 
condition ends abruptly between the screened intervals of MW-5 and MW-5D. MW-5 reports PCE 
at 3,300 µg/L to 8,000 µg/L, whereas MW-5 reports a non-detect condition for the past three 
sample events.  It is noted that MW-5D reported trace PCE and trace trichloroethene (TCE) 
immediately following well installation in 2014, a condition attributed to carry down of the much 
higher VOC condition from the upper aquifer during well boring activity.  

The VOC plume has reasonably attained a level of stability in the aquifer, a condition facilitated 
by the period since the release occurred (a minimum of 25 years ago) and natural attenuation 
processes that diminish contaminant concentrations with time and distance (i.e., degradation, 
dispersion, and adsorption). Further data indicating a stable plume condition has been attained is 
inferred from modeling of advective transport of PCE in comparison to groundwater. The 
adventive flow rate for Site groundwater (estimated at 150 ft/yr) and low total organic carbon 
(TOC) of the aquifer1 matrix would foster a much lengthier VOC plume than observed had the 

                                                 
1 Testing of groundwater at seven locations across the site found non-detect TOC in groundwater. 
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system not attained a stable condition. Specifically, modeling of advective PCE transport with 
respect to the site groundwater would predict a VOC plume on the order of 2,900 ft (PCE 
retardation factor = 1.3) based on a 25-year transport period, a length considerably more than the 
observed site condition of approximately 900 ft.   

3.3.4 Groundwater COPC for the Site 

The initial Site groundwater investigation identified PCE as the sole COPC in groundwater based 
on exceedance of the proposed Type 1 RRS. Further investigation has identified two additional 
VOCs in groundwater above proposed RRS, TCE and cis-DCE, with both constituents being 
degradation products derived from the PCE release material. Detection of TCE and cis-DCE is 
currently limited to two monitoring wells, MW-5 and MW-8. 

3.4 Nature and Extent of Soil Contamination 

3.4.1 Soil Investigations 

A total of five soil sampling events have been performed to investigate on-Site soil conditions. A 
summary of each event is provided below. 

 The first event took place on May 17, 2016 through May 19, 2016, and included sixteen 
soil boring (SB-1 through SB-16) advanced beneath and adjacent to the Site building that 
was occupied by Tropic Formals.  Each soil boring was advanced with direct push 
technology to the water table, typically 10 to 14 ft-bgs, with the soil core preserved in an 
acetate liner for field screening.  Field screening of each core was performed with a Photo 
Ionization Detector (PID) to assess for potential VOCs and guide sample selection for 
laboratory testing.  Two soil samples from each boring were selected for VOC analysis 
with the depth of the sample selected based PID response (i.e., the soil segments with 
highest PID readings were selected for analysis).  If no substantial PID reading of a core 
was reported, two samples were collected from the core at prescribed depths.  

 The second event took place on November 21, 2016, and included sampling from shallow 
soil (0 to 1 ft-bgs) in a former machinery area where the discolored soil was noted from a 
prior Site assessment performed by the GaEPD. Two soil sample locations were assessed, 
sample locations S-1 and S-2, with one sample collected at 0 to 6 inches below ground 
surface (in-bgs) and one sample at 6 to 12 in-bgs. The soil was tested for VOCs, semi-
volatile organic compounds (SVOCs), and RCRA metals.  

 The third event took place on June 2, 2017, and included sampling of soil from two 
locations: (1) beneath and adjacent to the main facility building including the basement 
(SB-17 through SB-22), and (2) adjacent to the former machinery area (S-3 through S-6). 
The soil samples collected from beneath and adjacent to the main facility building were 
collected with a hand auger and analyzed for VOCs. The soil samples collected from the 
former machinery area were analyzed for VOCs and metals. 
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 The fourth event on June 21, 2017, and the fifth event on July 19 and 20, 2017 involved 
two additional episodes of soil arsenic delineation near the former machinery area (S-3, S-
4, S-7, S-8, S-13 through S-18, S-20, and S-22 through S-29). 

The soil samples from all five events were analyzed by Analytical Environmental Services, Inc. in 
Atlanta, Georgia. VOCs were tested with EPA method 8260, SVOCs were tested with EPA method 
8270, and metals were tested with EPA Method 6010. 

3.4.2 Comprehensive Analytical Soil Results 

3.4.2.1 Main facility building 

A summary of soil test results for HSRA regulated substances is provided in Tables 2a and 2b 
(VOCs and metals, respectively). Soil PCE results are illustrated in Figures 7a and 7b with respect 
to RRS as submitted in the VRP Progress Report #4 (EPS, 2017). Figure 7a reports the soil test 
result for the shallow sample from each assessment location and Figure 7b reports the soil test 
result for the paired deeper sample. Exceedances of the residential RRS for PCE (0.5 milligrams 
per kilogram [mg/kg]) in the shallow soil are reported in five locations, four which occur beneath 
the building (SB-8, SB-9, SB-11, and SB-16) and are consistent with the location of the former 
dry cleaning operation. The fifth shallow soil sample (SB-3) reporting PCE above the residential 
RRS occurs near the loading dock at the backside (north) of the building and is beneath concrete. 
These five samples also exceed the non-residential RRS for PCE of 0.89 mg/kg. As shown in 
Figure 7a, exceedances of PCE in the shallow soil are bounded by samples reporting PCE below 
the residential RRS. 

Test results for the deeper soil PCE condition exhibit a spatial profile consistent with the shallow 
soil condition.  Four locations beneath the building exceed both the residential and non-residential 
RRS for PCE (SB-8, SB-9, SB-11, and SB-16). Additionally, two adjacent samples (SB-10 and 
SB-12) exceed the residential RRS, but are less than the non-residential RRS. As shown in Figure 
7b, the deep soil is delineated to the residential RRS. 

3.4.2.2 Former Machinery Area 

Arsenic 

Arsenic was detected above both the residential RRS (20 mg/kg) and non-residential RRS (38 
mg/kg) in one interior soil sample (S-1) at 0.5 ft-bgs in May 2016 (Figure 8a). Follow-up 
delineation sampling found arsenic concentrations above the residential RRS along two exterior 
sides of the former machinery area (S-3 and S-4), requiring additional step-outs to complete the 
soil assessment.  Further interior sampling (i.e., beneath the building) is obstructed by foundation 
walls and piers. Arsenic concentrations in shallow surface soil (< 0.5 ft-bgs) ranges from non-
detect to 101 mg/kg with results from six samples above the residential RRS, three of which are 
also above the non-residential RRS (Figure 8a). Shallow soil samples tend to exhibit higher 
concentrations immediately northeast of the former machinery area. 

Soil samples collected from 1-2 ft-bgs also exhibit a grouping of higher arsenic concentrations 
near the northeast side of the former machinery area and ranges from non-detect to 83.5 mg/kg 
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(Figure 8b). Soil from 1-2 ft-bgs is delineated to the residential RRS with a single exception at S-
26, which reported arsenic at 21.3 mg/kg, slightly above the residential RRS of 20 mg/kg. The 
corresponding shallow (< 0.5 ft-bgs) and deep (4 ft-bgs) samples at S-26 are both below the 
residential RRS. 

Soil from 2-4 ft-bgs exhibits overall lower arsenic concentrations ranging from non-detect to 21.1 
mg/kg (Figure 8c). Two samples collected at 4 ft-bgs are reported slightly above the residential 
RRS at 20.7 mg/kg (S-14) and 21.1 mg/kg (S-29), but below the non-residential RRS of 38 mg/kg. 
These soil samples are also below the soil depth applied to residential exposure (i.e., 2 ft-bgs) 

Benzene 

Benzene was detected above the residential/non-residential RRS of 0.5 mg/kg in one interior soil 
sample (S-2) at 0.5 ft-bgs in May 2016 (Figure 9a). The sample was collected from shallow soil 
adjacent to mechanical equipment. Follow-up delineation sampling performed on June 2, 2017, 
found benzene to be non-detect or below the residential RRS in the soil surrounding the former 
machinery area, thus finding the benzene condition limited to the interior of the building. Soil 
benzene concentrations are non-detect or below the residential RRS in soil samples collected at a 
depth of 1.0 ft-bgs in the machinery area (Figure 9b). 

Lead 

Lead was detected above both the residential RRS of 270 mg/kg and the non-residential RRS of 
400 mg/kg in one machinery area soil sample (S-1) at 0.5 ft-bgs in May 2016 (Figure 10a). Follow-
up delineation sampling performed on June 2, 2017, found lead to be below (Figure 10a) the 
residential RRS in the soil surrounding the former machinery area. Soil lead concentrations are 
below the residential RRS in soil samples collected at a depth of 1.0 ft-bgs in the machinery area 
(Figure 10b). 

3.4.3 Soil COPC for the Site 

Soil testing at the Site has identified arsenic, benzene, lead, and PCE as COPC in soil based on 
one or more exceedance of the Type I RRS. 

3.5 Vapor Intrusion Assessment 

3.5.1 Overview 

A series of vapor intrusion (VI) investigations have been performed to assess areas considered at 
most risk. On-Site, this comprised of testing soil gas beneath the main building occupied by Tropic 
Formals and at the CCB property boundary where the highest reported VOC groundwater 
condition (MW-16) exists. Off-Site VI assessment was performed for the nearest off-Site 
residential property, i.e., nearest to the groundwater VOC plume. The off-Site assessment 
comprised of soil gas sampling and indoor air sampling. Soil gas sampling results are summarized 
in Table 3 and Figure 11 posts results for constituents detected above residential screening values 
in the soil. 
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3.5.2 On-Site VI Assessment 

3.5.2.1 On-Site VI Investigation 

The on-Site VI assessment consisted of five soil gas samples collected from beneath the main 
facility building (i.e., substructure samples) and one soil gas sample at the CCB property boundary.  
Three of the five substructure samples were collected from the soil beneath the wooden floor of 
the building (SG-5 to SG-7), and two samples were collected from beneath the concrete slab floor 
of the structure’s partial basement (SSSG-1 and SSGS-2).  The exterior soil gas sample (SG-8) 
was collected at the Site property line. All soil gas samples were collected from a depth of 3 ft-
bgs.  An attempt to collect a deeper exterior soil gas sample at the Site property line nearer to the 
water table was unsuccessful as insufficient soil gas was available (i.e., the soil strata surrounding 
the soil gas probe was highly impermeable to soil gas transport) to fill the sample collection vessel.  
Samples were collected following Environmental Protection Agency (“EPA”) Method TO-15. 

3.5.2.2 On-Site VI Results 

Twelve VOCs were detected in on-Site soil gas including: 1,2,4-trimethylbenzene (23 micrograms 
per cubic meter [“µg/m3”]), acetone (210 µg/m3), benzene (37 µg/m3), chlorobenzene (9.5 µg/m3), 
chloroform (410 µg/m3), ethyl benzene (4.4 µg/m3), Freon-11 (8.8 - 600 µg/m3), m&p-xylene (16 
µg/m3), o-xylene (8.7 µg/m3), PCE (2,500 – 720,000 µg/m3), toluene (22 µg/m3) and TCE (60 
µg/m3).  Of the constituents detected in on-Site soil gas, only acetone and PCE are detected in the 
sub-structure soil (Section 3.4.2), and only Freon-11 and PCE are detected in on-Site groundwater 
(Section 3.3.3). 

3.5.3 Off-Site VI Assessment 

3.5.3.1 Off-Site VI Investigations 

Three off-Site VI investigations have been performed and focused on the nearest off-Site 
residential property to the groundwater VOC plume. The investigations included assessment of 
exterior soil gas adjacent to the off-Site residential property and two indoor air sampling events. 
Four exterior soil gas samples were collected adjacent to the residence, with one sample to each 
side of the house.  Each soil gas probe was set approximately 3 ft below the approximate grade of 
the structure’s basement.  The probes were installed on February 8th, 2016 and allowed to 
equilibrate for 24 hours prior to sampling.  The indoor air sampling was performed in the basement 
of the residence with suma canisters fitted with 24 hour regulators. The first indoor air sampling 
event was performed on May 18th and May 19th, 2016. The second indoor air sampling event was 
performed on November 29th and 30th, 2017. Sampling was performed in accordance with EPA 
Method TO-15. 

3.5.3.2 Off-Site VI Results 

The range of soil gas constituents reported in the off-Site exterior soil gas is more extensive in 
comparison to the on-Site soil gas results and includes several aromatic hydrocarbons including 
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benzene (4.3 - 88 µg/m3), toluene (33 - 250 µg/m3), ethylbenzene (7.8 – 8.6 µg/m3), m&p-xylene 
(20 - 51 µg/m3), o-xylene (6.3 - 24 µg/m3) and 1,2,4-trimethylbenzene (5.3 – 6.7 µg/m3), and 
common organic ketone compounds including 2-butanone (40 µg/m3) and 4-methyl-2-pentanone 
(9.8 – 40.0 µg/m3).  These constituents are not reported in on-Site groundwater or soil and therefore 
not expected to be associated with the Site release.  Additional VOCs detected in off-Site soil gas 
include: 1,2-dichloropropane (32 - 170 µg/m3), acetone (26 - 49 µg/m3), carbon disulfide (6.5 
µg/m3), chloroform (5.4 - 9 µg/m3) and chloromethane (2.1 µg/m3).  These constituents with the 
exception of chloroform are not reported in on-Site groundwater and therefore not expected to be 
associated with the Site release.  PCE is reported in two of the four off-Site soil gas samples, SG-
1 at 210 µg/m3 and SG-2 at 10 µg/m3. 

Ten VOCs were detected in indoor air including 2-butanone (0.49 – 1.8 µg/m3), acetone (11- 16 
µg/m3), benzene (<0.2 - 0.83 µg/m3), chloromethane (0.48 – 1.6 µg/m3), dichloromethane (0.31 – 
0.86 µg/m3), ethyl acetate (<0.2 – 7.8 µg/m3), Freon-12 (0.38 – <0.99 µg/m3), propylene (<0.2 – 
2.9 µg/m3), tetrahydrofuran (<0.59 – 1.1 µg/m3) and toluene (0.23 – 1.7 µg/m3).  VOC constituents 
associated with the PCE release on the Grantville Mill property, specifically PCE and PCE 
degradation products, were not detected in off-Site indoor air and therefore the VOCs in the house 
are not expected to be associated with the Site. 

All detected indoor VOCs except for benzene are below residential screening values (10-6 target 
cancer risk) developed by the EPA for human health protection (U.S. EPS, 2016). Benzene is not 
detected in on-Site or off-Site groundwater. Based on the data, the Site or the VOC groundwater 
plume is not considered a source for the indoor air VOCs at this residence. 

3.6 Wood Floor Sampling 

On December 8, 2017, ten wood floor samples from the main facility building were collected for 
VOC testing to determine if a release of PCE occurred from within the building structure. Nine 
samples (F-1 through F-9) were collected adjacent to borings from the May 2016 soil assessment. 
The tenth sample (F-10) was collected from a discolored portion of the wood flooring near two 
floor drains. PCE results are posted in Figure 12. PCE was detected in nine samples (F-1, F-2, and 
F-4 through F-10) ranging from 0.28 mg/kg to 340 mg/kg, with the highest wood floor test results 
collocated with the highest soil test results for PCE.  

3.7 Evaluation of Exposure Pathways 

3.7.1 On-Site Potential Receptors and Exposure Pathways 

Potential current and/or future on-Site receptors are listed below along with a brief discussion of 
the pathways through which they could potentially be exposed to Site COPCs. 

Future Site Worker 

In the future, the facility may be returned to commercial/industrial use. A pathway of direct 
exposure to PCE from soil or groundwater is currently incomplete. PCE in soil is delineated to the 
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non-residential RRS, with detections above the non-residential RRS limited to the soil beneath 
structure or concrete (Figure 7A and Figure 7B). The facility is serviced by the municipal water 
system. Thus a pathway for exposure or consumption to contaminated groundwater is incomplete. 
The most probable exposure pathway to a hypothetical future Site worker is vapor intrusion based 
on soil gas assessment and facility material testing (i.e., wood flooring). Exposure through vapor 
intrusion is expected to be limited to the building previously occupied by Tropic Formal, where 
contamination is detected. 

Future Trespasser 

Access to the Site is restricted by fencing; however, trespassers have accessed the Site. A pathway 
of direct exposure to PCE from soil or groundwater for trespassers, like Site workers, is currently 
incomplete due to the existing structure. Trespassers could potentially be exposed to metals near 
the machinery area via ingestion/inhalation or dermal contacts. 

 Future Construction Worker 

No construction activities are currently planned at the Site; however, it is possible that additional 
or replacement buildings could be constructed on the property in the future. Construction workers 
could potentially have short-term intermittent exposure to VOCs and metals in surface and 
subsurface soil via ingestion, dermal contact, and inhalation of volatiles. 

3.7.2 Off-Site Potential Receptors and Exposure Pathways 

The primary potential exposure pathway for off-Site receptors is vapor intrusion, although based 
on the available data this pathway appears negligible (no detection of Site COPCs in nearest off-
Site structure indoor air). Potential off-Site soil and groundwater exposure pathways are 
incomplete. The soil VOC condition associated with the PCE release is delineated to on-Site, and 
the metals condition is reasonably limited to the Site with the nearest parcel occupied by a railroad 
right-of-way. Drinking water for the areas surrounding the Site is served by the City of Grantville 
public water supply. There are no known users of groundwater in the vicinity of the Site; however, 
a thorough records search will be undertaken for verification. 
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4 FINAL VIRP 

4.1 Final VIRP for Soil 

4.1.1 Soil Delineation Status 

Soil delineation is complete to the non-residential RRS for the four COPC - arsenic, benzene, lead 
and PCE -  and to the residential RRS for accessible soils (i.e., shallow soil and soil not covered 
by structure).  The horizontal extent of PCE in soil is delineated to the residential RRS beneath or 
adjacent to the northern corner of the facility building, consistent with the location of the former 
Tropic Formals operation and CSM PCE release area.  The arsenic soil condition is reasonably 
limited to the top 4 ft of soil north and east of the former machinery area. The area-weighted 
arsenic concentration is 16 mg/kg, less than the non-residential RRS for arsenic (38 mg/kg), with 
the highest concentrations occurring adjacent to the northeast corner of the former machinery area. 
Benzene and lead are each detected once above their respective residential RRSs in shallow soil 
(<0.5 ft-bgs) inside the former machinery area, collocated with the hardened residue in the 
immediate vicinity of machinery equipment. The benzene and lead condition is delineated to the 
Type I in the soil surrounding the former machinery area.  

4.1.2 Soil VIRP 

Two actions will be implemented in the VIRP to manage potential exposure to soil COPC. The 
actions for soil for the PCE release area and soil in the machinery area detailed below. 

4.1.2.1 Machinery Area 

Inside the former machinery area, all visually observed residue will be excavated and disposed of 
off-Site. Based on prior testing, the depth of excavation required for removing the hardened residue 
is 6” or less, and only 2 to 3 cubic yards of soil is anticipated to require disposal. Removal of the 
top 6” of soil will also remove from the area the sole soil samples reported above the lead (S-2) 
and benzene (S-1) residential RRS. With respect to arsenic, as stated, the area-weighted arsenic 
concentration is 16 mg/kg, less than the non-residential RRS for arsenic (38 mg/kg). Thus, no 
additional corrective action beyond removal of the hardened residue is necessary to manage 
potential exposure pathways to future non-residential occupants in the machinery area. 

4.1.2.2 PCE Release Area 

The soil above the non-residential PCE RRS is limited to an area beneath the building that occupied 
the former Tropic Formals operation. Thus a pathway for direct soil exposure to future non-
residential Site occupants is currently incomplete. To manage potential future exposure as a result 
of modification to the Site layout (i.e., construction), a restriction will be recorded in the deed for 
the property to prohibit soil excavation within the area delineated above non-residential RRS for 
PCE unless appropriate correctiveaction and health and safety protocols are implemented. 
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4.2 Final VIRP for Groundwater 

4.2.1 Groundwater Delineation Status 

Groundwater delineation is complete, with the VOC condition delineated to non-detect in MW-1, 
MW-3, MW-4, MW-7, MW-9, MW-10, MW-12, MW-13, MW-15, and MW-18 (Figure 6). In the 
vertical dimension, PCE is detected in the shallow surficial aquifer (MW-5 reports PCE at 3,300 
µg/L to 8,000 µg/L for the past three sample events) but ends abruptly in the deeper surficial 
aquifer (MW-5D reports a non-detect condition for the past three sample events). A decreasing 
PCE condition with depth is also noted for adjacent wells MW-8 and MW-17, with MW-8 
reporting 6,600 µg/L, and the deeper MW-17 reporting 2,900 µg/L. 

4.2.2 Final Remediation Strategy for On-Site Groundwater 

4.2.2.1 Overview 

This section presents a review of the remedial action strategy for on-Site groundwater. The selected 
strategy to manage the groundwater condition is in situ chemical oxidation (“ISCO”) with 
permanganate for PCE mass reduction in the area of PCE release, and a Uniform Environmental 
Covenant (UEC) for the VRP properties to ensure exposure to groundwater above acceptable risk 
levels will not reasonably occur. 

4.2.2.2 ISCO  

4.2.2.2.1 Overview of the Technology 

ISCO involves the introduction of a chemical oxidant into the subsurface to accelerate contaminant 
mass removal. Permanganate (MnO4

-) is a common oxidant used to address chlorinated ethenes in 
groundwater. The reactions below illustrate the complete oxidation of PCE, TCE, cis-DCE, and 
VC, respectively, by permanganate: 

(1) 4 MnO4
- + 3 C2Cl4 + 4 H2O → 6 CO2 + 4 MnO2 + 8 H+ +12 Cl- 

(2) 2 MnO4
- + C2HCl3 + 4 H2O → 2 CO2 + 2 MnO2 + H+ + 3 Cl- 

(3) 8 MnO4
- + 3 C2H2Cl2 + 4 H2O → 6 CO2 + 8 MnO2 + 2 OH- + 6 Cl- + 2 H2O 

(4) 10 MnO4
- + 3 C2H3Cl + 4 H2O → 6 CO2 + 10 MnO2 + 7 OH- + 3 Cl- + H2O 

The effectiveness of ISCO is highly dependent on aquifer geochemistry. A wide-range of non-
target constituents that naturally occur in aquifers may react with a chemical oxidant, including 
natural organic matter (humic and fluvic acids) and reduced chemical species (Fe2+, Mn2+, sulfides, 
etc.). Collectively, the capacity of these background constituents to react with an added oxidant, 
and therefore reduce its capacity to degrade COCs, is termed the Natural Oxidant Demand (NOD).  
Prior Site investigation work evaluated the Site’s NOD to determine the feasibility of ISCO as 
described in Section 4.2.2.2.2. 
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4.2.2.2.2 ISCO Review 

The feasibility of ISCO was examined for the Site through soil oxidant demand treatability testing 
and modeling the oxidant mass required for the release area. In October 2015 during the first 
expansion of the monitoring well network, two soil samples were collected for permanganate NOD 
(PNOD) analysis. The samples were collected during installation of groundwater monitoring wells 
near the release area where ISCO will be implemented, one at MW-7 from 18-23 ft-bgs and one 
at MW-9 from 20-25 ft-bgs. The results of the PNOD analysis found no demand for the 
permanganate oxidant, indicating that the Site aquifer imposes little to no background oxidant 
demand. 

Carus Remediation Technologies’ ISCO Reagents Estimation Spreadsheet was used to model the 
permanganate mass for PCE reduction in the release area. The spreadsheet incorporates treatment 
area volume, soil porosity, average contaminant concentration, and Site-specific PNOD. The 
spreadsheet also considers potential delivery system limitations attributable to the heterogeneous 
nature of the subsurface (i.e., the occurrence of preferential pathways and less permissive zones in 
the subsurface enhance the migration of the oxidant in some directions and diminish migration in 
others, which may result in a portion of treatment area volume not coming contact with the oxidant) 
and includes an engineering adjustment factor to compensate for potential data gaps that may 
increase the permanganate required for sufficient PCE mass reduction. The outcome of this model 
is approximately 12,000 pounds of permanganate based on a PNOD of 0.4 g/kg. A PNOD value 
of 0.4 g/kg was applied to the model in place of the 0.0 g/kg PNOD result from the treatability 
study at the recommendation of Carus to compensate for potential unknowns in the subsurface and 
provide of a degree of design contingency. 

4.2.2.3 Final Remediation Strategy 

ISCO will be implemented to address the PCE release area soil and groundwater (as shown on 
Figure 13) and will span across the thickness of the shallow surficial aquifer, consistent with the 
CSM and supporting PCE data for the Site. The ISCO strategy will utilize two general methods 
for placement of the permanganate in the aquifer, application via injection wells and/or direct-push 
injection technology. The implementation method selected will be determined based on 
accessibility to the point of injection. Points not readily accessible to a relatively large drill rig 
used to install a permanent injection well will require the use of direct-push technology since the 
equipment is often less sizeable and more maneuverable. 

4.2.2.4 Institutional Control for On-Site Groundwater 

A UEC will be prepared for the Site that includes a residential use restriction to prevent residential 
use of the property and a groundwater use restriction to prevent the extraction of groundwater from 
the property for any reason other than remediation. 

4.3 Main Facility Building Actions 

Two potentially complete exposure pathways exist for future occupants of the building occupied 
by the former Tropic Formals business: 
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 PCE vapors potentially migrating from groundwater and vadose zone soils to the indoor 
air of the building, as evidenced by elevated concentrations of PCE detected in soil gas 
beneath the building; and  

 direct contact and/or vapors from PCE in the wood flooring. 

Reasonable corrective action to address these potential exposure pathways includes two options:  

Option 1: contaminated flooring will be removed and replaced, and future occupancy will be 
subject to implementing necessary measures to prevent flux of VOC vapors into the structure. 
Probable measures include crawl space ventilation or subslab depressurization depending on a 
future assessment of building construction. 
Option 2: the building will be demolished, thus removing any occupied structure from above 
the contaminated soil. A UEC will be prepared for the Site that requires any future occupied 
space built above the PCE release area to be constructed with a vapor barrier to mitigate vapor 
intrusion. 

The corrective action option selected for the building will be determined based on the intended 
future use of the property and the Tropic Formals building. The selected corrective action will be 
enacted prior to occupancy by a future Site owner. 

4.4 Off-Site Remediation Plan 

4.4.1 Off-Site VOC Plume Refinement  

The inferred plume boundary reasonably encompasses a portion of two off-Site properties west of 
the Site; however, further effort refining the western boundary of the plume is necessary to 
determine if additional properties intersect the VOC plume and thus require consideration in the 
off-Site remediation plan. Plume refinement will involve installing and sampling a new 
groundwater monitoring well screened in the surficial aquifer as shown in Figure 14. PCE was 
reported in nearby wells MW-6, MW-8, and MW-17 during the most recent comprehensive 
groundwater monitoring event.   

4.4.2 Monitored Natural Attenuation 

Monitored natural attenuation (MNA) relies on a combination of intrinsic physical and chemical 
processes (e.g., sorption, dispersion, volatilization, abiotic degradation, and biodegradation) to 
degrade and dilute chemicals of concern. MNA is considered applicable if: (i) exposure to 
impacted groundwater above acceptable risk levels is not or will not reasonably occur, (ii) further 
migration of the plume is not occurring, and conditions are improving or will improve as a result 
of source material remediation, and (iii) the groundwater plume can be restored to below 
groundwater standards, to the extent practicable.  

Direct exposure of potential off-Site receptors to groundwater is not reasonably expected to occur 
as the area surrounding the Site is served by a public water supply, and there are no known users 
of groundwater near the Site. Additionally, institutional controls will be implemented for off-Site 



 

DCN: CCBGMPR005 19 January 2018 

properties that intersect the VOC plume restricting the extraction of groundwater (see Section 
4.4.3).  

PCE is currently reported in seven of the nineteen monitoring wells on-Site (MW-2, MW-5, MW-
6, MW-8, MW-14, MW-16, and MW-17). Groundwater data collected since 2014 show 
comparable PCE concentrations in the groundwater plume over time, suggesting the plume may 
have attained a steady-state condition. Following release area ISCO treatment, monitoring at a 
point of compliance (POC) will be implemented to monitor plume stability. The propose POC is 
existing monitoring well MW-12. 

4.4.3 VIRP for Off-Site Residential Lots  

A UEC may likely be required for one or more properties overlying PCE-impacted groundwater 
to ensure exposure to impacted groundwater above acceptable risk levels will not reasonably 
occur. UECs for off-site properties would include a groundwater use restriction to prevent the 
extraction of groundwater from the property.  

4.5 Cost Estimate to Implement the VIRP 

The estimated costs for the remedial actions described above are as follows:   

Preliminary Cost Estimate 

Task Description Cost Estimate 

1 Project Management $30,000 

2 VRP Progress Reports $60,000 

3 Groundwater Delineation Refinement $8,000 

4 Groundwater Release Area Remedial Action (ISCO)  $150,00-250,000 

5 Contaminated Building Material Remediation TBD 

6 Point of Compliance Monitoring $12,500 

 Total $250,500-360,500 
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5 PLANNED ACTIVITIES FOR NEXT 

REPORTING PERIOD 

5.1 PCE Release Area Groundwater ISCO Design 

EPS is currently finalizing the ISCO design, including implementation strategy (i.e., injection 
approach) and media injection parameters (i.e., oxidant mass and volume per injection location). 

5.2 Refinement of Western Plume Boundary 

One monitoring well will be installed and sampled to refine the extent of the VOC plume with 
respect to vacant lots near the Site’s western boundary (Figure 14). The results of this refinement 
will determine if additional properties require consideration in the off-Site remediation plan. 
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APPENDIX A 

Professional Geologist Summary of Hours 

  



Appendix A

Professional Geologist Hours

Period: January 2017 through December 2017

Period Hours

January 2017 4.5

February 2017 0

March 2017 0

April 2017 0

May 2017 0

June 2017 0

July 2017 2.5

August 2017 0

September 2017 0

October 2017 0.5

November 2017 0

December 2017 0

Total: 7.5
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Milestone Schedule 
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Laboratory Analytical Reports  
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